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SLICER CARRIAGE TRACKING ARRANGEMENT AND 
ASSOCIATED METHOD OF CONTROLLING FOOD PRODUCT CARRIAGE 

TECHNICAL FIELD 
The present invention relates generally to food product slicers and, more 
particularly, to an arrangement and method for tracking and controlling movement of a food 
product carriage of a food product sheer. 

BACKGROUND 

Food product slicers generally include a food product carriage which is 
moimted on a sUde rod within the sheer housing to allow the carriage to be moved back and 
forth past a rotating slicing knife. Manual, automatic and combination slicers are known. In 
the case of automatic or combination slicers a variety of drive arrangements for the food 
product carriage are also known. In some slicers a multi-link drive arrangement is provided 
between a rotating motor output and the food product carriage, where the motor rotates in a 
single direction and change in direction of the food product carriage is achieved 
mechanically via interaction of the links making up the multi-link drive arrangement. 

It would be desirable to provide a simple, inexpensive system and method for 
providing increased control capabilities in connection with such multi-link drive 
arrangements. 

SUMMARY 

hi one aspect, a control system for a food product sheer including a rotatable 
slicing knife and a food product carriage mounted for movement back and forth past the 
slicing knife is provided. The control system mcludes a motor havmg a rotating ou^ut. A 
multi-link drive arrangement is connected between the rotating output of the motor and the 
food product carriage for moving the carriage during motor operation, a pivot link of the 
multi-link drive arrangement having a stationary axis, the pivot link pivoting back and forth 
about the stationary axis during motor operation. An encoder arrangement is associated with 
the pivot link and includes a curved mask element, a hght source and a photo-detector. The 
curved mask element includes a plurality window regions distributed thereon. The hght 
source is positioned for directing light at the window regions of the curved mask element 
sequentially during pivoting movement of the pivot hnk and the photo-detector is positioned 
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to receive light directed at the window regions by the light source. The photo-detector 
provides output signals responsive to receipt/non-receipt of light emitted by the light source. 
A controller receives the photo-detector output signals and responsively tracks movement of 
the food product carriage. 

In another aspect, a method for automatically controlUng a food product 
sUcing operation in which a food product carriage is repeatedly moved back and forth past a 
sUcing knife is provided where the slicing operation is defined by repeated sUcing strokes 
and return strokes of the food product carriage, each slicing stroke defined by movement of 
the food product carriage fi-om a first position to a second position and each retum stroke 
defined by movement of the food product carriage firom the second position back to the first 
position. The method involves utiUzing a motor and associated multi-link drive arrangement 
to effect movement of the food product carriage; providing an encoder arrangement having at 
least one element connected for pivoting movement with a pivot link of the multi-hnk drive 
arrangement to produce output signals indicative of a pivoting movement of the pivot link 
about a stationary axis; and based at least in part upon the output signals of the encoder 
arrangement, automatically controlling motor rotation so as to automatically move the food 
product carriage at a first average speed for slicing strokes and to automatically move the 
food product carriage at a second average speed for retum strokes, the first average speed 
being slower than the second average speed. 

In still another aspect, a method of operating a sheer including a reciprocating 
carriage involves the steps of providing a single switch for starting an automatic sUcing 
operation and pausing the automatic slicing operation; responsive to triggering of the switch 
prior to sUcing, initiating the automatic sUcing operation; and responsive to triggering of the 
switch during sUcing, pausing the automatic sUcing operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a partial end elevation of a food product sheer; 

Fig. 2 is a partial side elevation of the sheer of Fig. 1; 

Fig. 3 is a bottom view of the sheer of Fig. 1; 

Fig. 4 is an enlarged view of a portion of Fig. 3; 

Fig. 5 is a side elevation of Fig. 4; 

Fig. 6 shows one embodiment of a mask element; 
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Fig. 7 illustrates one embodiment of output pulses of the encoder 

arrangement; 

Fig, 8 illustrates a schematic of the control system; 
Fig. 9 is a schematic of one embodiment of a sheer control system; and 
5 Fig* 10 illustrates one embodiment of a switch assembly. 

DETAILED DESCRIPTION 
As shown in Figs. 1 and 2, a food product sheer generally designated 10 in 
includes a housing 12 and a circular, motor-driven slicing knife 14 which is rotatably 
mounted to the housing on a fixed axis shaft 15. The food product is supported on a carriage 
- 10 16 which moves the food product to be shced past the rotating slicing knife 14. The carriage 
reciprocates in a linear path in a direction generally parallel to the plane of the blade, and can 
O ' be powered either automatically or manually. 

The carriage 16 is mounted on a carriage arm 18 which orients the carriage at 
% the appropriate angle (typically perpendicular) to the slicing knife 14. The carriage arm 1 8 is 

Q J 1 5 supported on a transport 20. The transport has a mounting slot 22 to receive the foot 23 of 

yl 

the carriage arm 18. Transport 20 reciprocates in a slot 24 within the housing 12. The 
l1 ' transport 20 has a through hole 26 on the end opposite the carriage arm mounting slot 22. 
nJ The through hole 26 attaches the transport 20 to a transverse bar or slide rod 28 and 

p associated bearings 30 may be provided to facilitate reciprocal movement of the transport 20 

^ 20 along the transverse bar 28. 

The food sheer 10 also includes a shde rod 32 mounted on either end to the 
housing 12. The shde rod 32 extends ahnost the entire length or width of the sheer, parallel 
to the transverse bar 28. The slide rod 32 is stationary and is preferably substantially 
cylindrical having a generally circular cross-section with a flat side 34. As shown in Fig. 2, a 
25 carrier 36 is mounted for reciprocal movement along the slide rod 32. The carrier 36 may be 
adapted to include a plate 37 which is mounted to the front of the carrier and fits to the flat 
portion 34 of the slide rod so that the carrier does not rotate during its traversal of the rod. 
The carrier 36 has a raised central portion 40 to which a ramp 42 is attached on the upper end 
thereof. The ramp 42 may be fastened to the carrier or it may be formed unitary with the 
30 carrier. The ramp 42 includes a cutout notch 44 therein and both sides 46, 48 of the ramp are 
inclined upwardly toward tiie cutout 44. 
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As shown in Fig. 1, the transport 20 includes a coupling member such as pawl 
50 at the lower end thereof. The pawl 50 is moxmted to the transport by a pin 52. The pawl 
50 is spring-actuated by means of a spring 53 which is housed in the transport and reacts 
against the pawl 50. The pawl 50 is shaped to fit within the notch 44 in the ramp portion 42 
5 of the carrier 36, When the transport 20 is moved toward the carrier 36, the pawl 50 will ride 
up the ramp 46 or 48 and cUck into place in the notch 44, by means of the spring 53 so that 
the linear movement of the carriage 16 is thereafter dependent upon the movement of the 
carrier 36. 

The carrier 36 is operatively connected for movement by a motor 54 through a 
10 multi-link drive arrangement 100 having a series of links or linkages. After the pawl 50 is 
locked in place, the food product carriage 16 is thereby operatively coupled to the motor 54 
for automatic operation (i.e., the carriage is driven by the motor through the multi-link drive 
arrangement). The motor 54 drives the carrier by means of the linkages as shown in Fig. 3. 
The carrier 36 moves the transport 20 and the transport moves the carriage 16. In contrast, 
1 5 when the pawl 50 is not engaged in the cutout 44, the carriage can be moved manually. 

To disengage the pawl for manual operation, a lever 56 shown in Fig. 2 is 
used. The lever 56 is coupled to slide rod 32 such that rotation of the lever 56, causes the 
slide rod to rotate. As the slide rod 32 rotates, the carrier 36 rotates along with the slide rod 
O due to the fact that the two cannot rotate relative to each other. After the carrier 36 rotates, 

^ 20 the ramp 42 no longer faces upwards toward the transport 20, but is instead rotated to the side 
and the carrier 36 is disengaged from tiie pawl 50. When tiie carrier 36 is in this position, the 
transport 20 may be freely moved manually back and forth, and the pawl 50 does not contact 
the cutout 44 in the ramp 42. The carriage 16 of the sheer can thus be operated manually 
without interference from the drive mechanism. When the operator desires to return to 
25 automatic motion, the lever 56 is tumed so that the shde rod 32 rotates the carrier 36 to its 
upright position. Then, the operator may manually reciprocate the carriage until the pawl 50 
on the transport 20 rides up the ramp 42 and is fixed to the carrier 36 via engaging the cutout 
44. 

The carrier 36 may also include an adjustable member 38 that, due to its 
30 attachment to the linkage, establishes the point for the carrier to stop and change directions. 

The adjustable member 38 is attached to the carrier and reciprocates along with the carrier on 
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the slide rod 32. The adjustable member 38 may have a ring-shaped upper portion 90 
through which the slide rod 32 passes. The bottom stick portion 92 extends downward 
toward the ground. The lowermost portion has a retaining ring 93 which connects the 
adjustable member 38 to a link 82 of the multi-link drive arrangement. The adjustable 
5 member 38 does not rotate with the carrier 36 or the slide rod 32 but instead stays in an 
upright position since it is fixed to the linkages below. Further details of this assembly are 
described in international patent appUcation No. PCT/US98/09120 published under 
international pubhcation No. WO 98/55277. 

The multi-link drive arrangement 100 is now described in detail with 
. 1 0 reference to the bottom view of Fig. 3 where a drive motor 54 having a rotating output 55 is 
shown. In the illustrated embodiment the motor 54 may be formed by a permanent magnet 
p;i ' DC, right-angle gear motor, but it is recognized that other motor types could be used. The 
h:' illustrated multi-link drive arrangement 100 uses a set of four links or linkages connected to 

the output 55 of the motor 54 on one end and to the adjustable member 38 of the carrier 36 
m 15 on the other. The right-angle gear motor 54 is oriented so that the output shaft 55 extends 
— vertically downward toward the ground and perpendicular to the slide rod 32. A first Unkage 

H " 60 is attached on its first end 62 to the rotating output shaft 55 of the motor 54 for movement 
«1 therewith and is pivotally attached on its other end 64 to an end 69 of a second linkage 66. A 

5? stud or pin 68 may connect the first linkage 60 to the second linkage 66 to provide a pivotal 

20 connection between the two linkages. The second linkage 66 is pivotally connected on its 
second end 70 to a third linkage 72 at a location along the length of the third linkage by 
means of another stud 74. The third linkage 72 is pivotally connected on one end 76 to a 
flange 78 on the housing 12 to establish a fixed pivot point or axis 102 relative to the housing 
12, and is pivotally connected on its other end 80 to a fourth linkage 82 at its end 84. The 
25 fourth linkage 82 is pivotally connected at its other end 86 to the carrier 36. 

Operation of the multi-link drive arrangement 100 is now described with 
reference to Fig, 3 and with the understanding that three, representative positions of the 
arrangement are shown in Fig. 3. Linkage 60 is connected at its end 62 for rotation with the 
rotating motor output 55 and therefore linkage 60 continuously rotates through 360 degrees 
30 during motor operation. Three representative positions 104, 106, 108 of the end 64 of 

linkage 60 are shown. Rotation of linkage 60 effects movement of linkage 66 and positions 
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104, 106, 108 also depict tiiree representative positions of the end 69 of linkage 66 during 
such movement. Movement of linkage 66 effects pivoting movement of linkage 72 back and 
forth about fixed pivot axis 102 and three representative pivot positions 1 10, 1 12, 1 14 of 
linkage 72 are shown, with positions 112 and 114 showing the two extreme pivot positions in 
5 either direction. The two illustrated positions 1 16, 1 18 of linkage 82 correspond respectively 
to pivot extremes 112 and 1 14 of linkage 72. During a sUcing operation, movement of the 
food product carriage 16 back and forth past the slicer knife 14 is effected via rotation of the 
motor output 55, which in turn effects movement of the linkages 60, 66, 72, 82, which in turn 
effects movement of the carrier 36 along slide rod 32, which in tum effects movement of the 
. 10 transport 20 along bar 28, which in tum effects movement of the carriage arm 18 and thus the 
food product carriage 16. 

I * It is recognized that the foregoing description represents one of many possible 

I embodiments both for a multi-link drive arrangement itself, and for connecting such an 

;= arrangement between a rotating motor output and a food product carriage. Exemplary of 

V. 

i 1 5 other constructions utilizing multi-link drive arrangements include those described in U.S. 
1 Patent Nos. 3,05 1 ,207 and 5,461 ,957. One commonality between such arrangements is that 

' each arrangement includes a primary link or pivot link that, during sUcing, pivots back and 
I forth about a pivot axis which is fixed relative to the slicer housing, similar to the linkage 72 

1 noted above. An encoder arrangement useful in cormection with such multi-link drive 

I 20 arrangements is now described with particular reference to Figs. 4-6. 

Fig. 4 shows an enlarged, partial view about the end 76 of linkage 72 of Fig. 
3. The three positions 1 10, 1 12, 1 14 of linkage 72 are depicted. An encoder arrangement 
130 is shown and includes an arcuate vain or mask element 132 and an opto-switch 134. The 
mask element 132 includes a plurality windows 1 36 (Fig. 5) distributed thereon. While the 
25 mask element 132 has a curved arcuate shape, a representative view of the mask element 132 
when flattened is provided in Fig. 6 to facilitate illustration of the windows 136. The 
illustrated windows 136 are evenly spaced along the length of the mask element 132 and are 
of similar size and shape. Although eleven window regions are shown, the nimiber of 
window regions could vary. 
30 The opto-switch 134 is formed by a light source 138 and a photo-detector 140 

arranged as a pair. In the illustrated embodiment the opto-switch 134 is formed as a unitary. 
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molded plastic member with spaced apart portions 142 and 144 respectively holding the light 
source 138 and photo-detector 140 such that light from the light source is directed along an 
axis 146 toward the photo-detector 140. The spaced apart portions 142, 144 also define a slot 
148 for receiving the windowed portion of the mask element 132 therein so that the light 
5 source 138 is positioned to one side of the mask element 132 and the photo-detector 140 is 
positioned on an opposite side of the mask element 132. The opto-switch 134 is connected to 
a PC board 150 that provides the necessary electrical connections for the hght source 138 and 
photo-detector 140. The PC board is in tum fixedly connected to the slicer housing flange 
via a screw 152 or other suitable means. It is recognized that the light source 138 and photo- 
1 0 detector need not be formed as part of a imitary member and the use of a PC board is not 
required. 

□ ^ The mask element 132 may be formed of a punched metal plate material that 

is then bent into an arcuate shape. The mask element 1 32 is connected for pivoting 
f movement with the linkage 72 via a bent, flange portion 154 of the mask element 132 

nj 15 through which a screw 156 passes and is received in a correspondingly threaded hole 158 in 

the linkage 72. It is recognized that the mask element 132 could be formed of other materials 
H ' and it is also recognized that other attachment schemes could be used to connect, either 
m directly or indirectly, the mask element 1 32 to the linkage 72 for movement therewith. The 

2: arcuate mask element 132 is positioned such that its axis is substantially aligned with the 

C 20 pivot axis 102 of the linkage 72. A pin 96 connecting linkage 72 to flange 78 is also shown. 

In the illustrated encoder arrangement, the arcuate mask element 132 pivots 
back and forth with the linkage 72 and the opto-switch 134 remains in a fixed position. 
Movement of the mask element 132 correspondingly causes the windows 136 on the mask 
element 1 32 to be sequentially and repeatedly moved past the opto-switch 1 34 to repeatedly 
25 make and break the optical link between the light source 138 and the photo-detector 140. 

The photo-detector 140 responsively produces output signals indicative of receipt/non-receipt 
of hght from the Ught source. By way of example, the photo-detector 140 output 1 39 may be 
a series of voltage pulses as shown in Fig. 7, Each high voltage region/pulse 141 of the 
signal 139 may represent alignment of the opto-switch 134 with a window 136 of the mask 
30 element 132 and each low voltage region 143 of the signal may represent alignment of the 
opto-switch 134 with a light blocking portion 137 of the mask element 132 located between 
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each window 136. Alternatively, each high voltage region/pulse 141 of the signal 139 could 
represent alignment of the opto-switch 134 with a light blocking portion 137 of the mask 
element 132 and each low voltage region 143 of the signal could represent aligmnent of the 
opto-switch 134 with a window 136 of the mask element 132. Also shown is a 
5 corresponding home position sensor signal 145 which is normally high and pulses to a lower 
voltage at 147 to indicate the home position (in this case the position nearest the operator). 

Referring now to Fig, 8, a schematic illustrating the electronics of the control 
system are shown including the encoder arrangement 130 being connected to a controller 160 
for providing the photo-detector output signals thereto. The controller 160 may be formed by 
10 a programmed microprocessor or microcontroller and associated input/output circuitry. The 
controller 160 is operable to interpret the photo-detector output signals and responsively 
control the rotation of the motor 54 via signals deUvered to a motor drive circuit 162. In 
particular, and relative to the illustrated embodiment, the controller 160 may count the pulse 
signals produced by the encoder arrangement 130 to track the movement of the linkage 72 
0 15 and thus correspondingly track tiiie position of the food product carriage 1 6. A home position 
sensor 164 may be located to provide a signal indicative of when the food product carriage 
reaches a predetermined home position. In one embodiment, the home position may be 
defined as the position when the food product carriage is in front of the slicing knife and 
nearest the operator (to the far left in Fig. 2). In another embodiment the home position may 
20 be defined as the position when the food product carriage is past the slicing knife and furthest 
from the operator (to the far right in Fig. 2). As an alternative to the separate home position 
sensor 164, the encoder arrangement could be configured to provide an output signal 
indicative of the defmed home position. For example, one of the end windows 170 of the 
mask element 132 could be positioned for aUgmnent with the opto-switch 134 when the food 
25 product carriage is at the defmed home position in which case the signal produced by the 
photo-detector 140 could have a characteristic indicating the home position. For example, 
the signal characteristic could be a longer duration of the output pulse resulting from the 
change in pivot direction of the linkage 72, or the end window 170 could shaped and sized 
differently than the other windows to produce a voltage output pulse of a different magnitude 
30 by allowing more or less light to reach the photo-detector 140. 
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An exemplary discussion of controller 160 processing during a slicing 
operation might be as follows for aQ assumed case of a home position nearest the operator, a 
system using a separate home position sensor 164 and an encoder arrangement 130 using a 
mask element 132 including eleven window regions 136. When the food product carriage 

5 reaches the home position the home position sensor outputs a signal to the controller 160 and 
the controller "resets" its carriage tracking operation. The controller 160 then outputs 
appropriate motor control signals to the motor drive circuit 162 to produce a desired motor 
rotating speed for a slicing stroke. The controller 160 is configured to count both high 
voltage pulses 141 output from the encoder arrangement 130 and low voltage regions 143 so 

10 that for a given slicing stroke the total count will reach twenty-two and on the return stroke 
the count will reach 44. The controller begins its counting operation for the initiated slicing 
stroke until the coimt reaches a threshold number indicative of the food product carriage 16 
approaching the end of the slicing stroke at which time the controller 160 delivers output 
signals to the motor drive circuit 162 to slow rotation of the motor output 55 prior to the food 

15 product carriage 16 reaching the end of the sUcing stroke. In this example the threshold 
number could be in the range of 16-21, although different counts could be used. After the 
controller coimts reaches an end of slicing stroke indicative number, in this case twentj^-two, 
the controller 160 delivers output signals to the motor drive circuit 162 to produce a desired 
motor rotating speed for a return stroke. When the controller count reaches a threshold 

20 number indicative of the food product carriage approaching the end of the retum stroke, the 
controller 160 may again deliver output signals to the motor drive circuit 162 to slow rotation 
of the motor output 55. When the home position is sensed by sensor 164, the controller 160 
resets its carriage tracking operation and begins counting pulses anew. 

In the preferred embodiment the controller 160 effects control of motor 

25 rotation such that an average speed of slicing strokes is less than an average speed of retum 
strokes. This type of controlled operation can facilitate an overall increase in the speed of the 
slicing operation as compared to a slicing operation in which the average speed of both 
slicing strokes and retum strokes is the same, given some of the limits placed on the speed at 
which the sUcing stroke can take place and still acceptably slice the food product. In the 

30 above exemplary operation, slowing down the speed of motor rotation near the end of the 
slicing stroke and/or near the end of the retum stroke can effect a reduction in shift of the 
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food product on the food product carriage 16 upon change in direction of the food product 
carriage 16. It is also recognized that the controller 160 may produce output signals which 
effect controlled acceleration of the motor at the beginning of each slicing stroke and at the 
beginning of each return stroke. 

The slicer may be also equipped with two features called "home start" and 
"home retum." The "home start" feature insures that when in automatic mode, the motor will 
not start until the carrier 36 (and thus the carriage) is in the home position. In one 
embodiment, the home position may be defined as the position in front of the slicing knife 
and nearest the operator (to the far left in Fig. 2). Therefore, if the food product carriage 16 
stops and it is not returned to the home position, it needs to be manually pulled back to that 
position before automatic operation can begin again. The "home retum" feature causes the 
carriage to automatically retum to the "home" or start position upon completion of an 
automatic sUcing operation. 

hi this regard, while "home retum" and "home start" features are not 
considered new per se, a novel control circuit arrangement that advantages facilitates such 
features is now described with reference to Fig. 9. The controller 160, home position sensor 
164, encoder arrangement 130, motor 54 and motor drive circuit 130 are shown. Also shown 
are a knife motor drive 170, knife motor 172, carriage speed control input/dial 174, a power 
on/off switch 176 and a combination start/pause switch 178. In one embodiment the switch 
176 and 178 may be combined in a single switch assembly 180 as shoAvn in Fig. 10 where a 
single actuator 182 is pulled (left arrow 184) to first close switch 176. The actuator 182 
remains in a partially extended position when pulled to maintain switch 176 closed. The 
actuator can be fiirther pulled to temporarily close switch 178, with the actuator 182 being 
spring biased to prevent switch 178 from staying closed when the actuator is released. 

Referring again to Fig. 9, when switch 176 is closed, AC power is provided to 
the controller 160, which includes a microcontroller 190 having an intemal power supply for 
developing appropriate DC power. When the switch 178 is temporarily closed, an AC sensor 
unit 192 senses the closure and sends a signal to the microcontroller 190 indicating the same. 
The microcontroller 190 responds by sending a signal to the gate terminal of triac 194 to 
place the triac in a conducting mode so that power is provided through a normally closed 
auto/manual switch 196 (assxmiing the carrier 36 is locked in position for auto mode) to a 
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carriage motor control relay 198. Delivery of power through relay 198 closes contacts 200 
for providing power to the motor drive control circuit 162. Contacts 202 are also closed by 
relay 198. When triac 194 is set conducting power is also delivered to knife motor control 
relay 204, which in tum closes contacts 206 and 208. The microcontroller 190 sends a 
5 control signal to the gate terminal of triac 210 to place the triac in a conducting mode and 
begin energization of motor 54 and thus movement of the food product carriage. When the 
food product carriage moves away from the home position the sensor 164 indicates such via 
the input to microcontroller 190 and the microcontroller 190 ceases delivery of the on control 
signal to the gate terminal of triac 194 and instead sends an on control signal to the gate 
V 10 terminal of triac 212 for continued energization of relays 198 and 204. AC sensor unit 214 

provides a signal to microcontroller 190 to indicate closure of the gauge plate interlock 
g' switch 216. The shcing operation continues per normal procedure with triac 212 on and with 

Mr motor speed control being provided by the microcontroller signal applied to triac 210. 

5;:? 

!1;J When a user desires to pause reciprocation of the food product carriage, the 

W 1 5 user simply pulls actuator 1 82 another time to again momentarily close switch 1 78. The AC 

^ sensor unit 192 again sends a signal to the microcontroller 190 indicating sensed closure of 

C * switch 178. The microcontroller 190 is programmed to interpret such a closure during a 

RJ slicing operation as a pause indicator and responsively operates to pause the food product 

y ; 

r ] carriage at the home position. In particular, if, at the time of the pause signal and via its 

^ 20 tracking operation from the inputs of encoder arrangement 130, the microcontroller 190 

determines that the food product carriage is sufficiently far away from the home position, the 
microcontroller simply controls triac 210 to slow the food product carriage when it next 
approaches the home position and bring the food product carriage to rest at the home 
position. On the other hand, if, at the time of the pause signal, the food product carriage is 
25 considered too close to the home position, the microntroUer 190 will control the triac 210 to 
continue movement of the food product carriage through the home position and through 
another reciprocation to then stop the food product carriage at the home position. Notably, 
with the above described controller arrangement the same switch 178 can be used for both 
starting an automatic slicing operation and pausing the automatic slicing operation once 
30 started, eliminating any need for a separate pause switch. 
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Although the foregoing description references details in accordance with the 
illustrated embodiment, it is recognized and anticipated that various changes and 
modifications could be made. For example, while the illustrated embodiment provides a 
light source and photo-detector arranged in a fixed position and a mask element arranged to 
move with the pivot link, as an altemative the mask element could instead be arranged in a 
fixed position and the light source and photo-detector could be arranged to move with the 
pivot link. Further, while the illustrated embodiment provides a mask element in which the 
windows or window regions are openings through the element and the light source and 
photo-detector are positioned on opposite sides of the mask element respectively, as an 
altemative the window regions of the mask element could instead be formed as reflective or 
non-reflective areas of the mask element and the light source and photo-detector could both 
be positioned on the same side of the mask element. Still further, while a curved mask 
element is shown in the illustrated embodiment, it is recognized that a non-curved mask 
element could be used in some cases. For example, a mask element fomied with one or more 
bends therein might be used. A linear mask element might be used if the spacing between 
the light source on one side of the element and the photo-detector on an opposite side of the 
mask element is sufficient or, in the case of the reflective arrangement just noted above, the 
light source and photo-detector are capable of proper interaction with the window regions of 
the mask element. As another example, a system having a linear mask element could be 
provided where either the linear mask element or the opto-switch slides back and forth along 
the length of the pivot link in a reciprocal manner during pivot could be provided, or where 
the linear mask element or the opto-switch is configured to pivot its orientation relative to the 
pivot axis as the pivot axis pivots back and forth, or where the optical elements utilized are of 
a type which allows them to work effectively both when spaced close to the mask element 
and when spaced away fi-om the mask element. Still further, while the use of an optical 
encoder arrangement is described and preferred, it is recognized that other encoder 
arrangements could be used such as Hall effect type encoder arrangements. 

What is claimed is: 



12 



